Samples were collected from 203 wild boars (Sus scrofa) hunted in BadenWurtemburg, Germany from November-January 2008 and 2009. Samples from the lung and tonsil were analyzed by quantitative polymerase chain reaction (qPCR) for porcine reproductive and respiratory syndrome virus (PRRSV) type 1 (European type) and type 2 (American type). A qPCR to detect porcine circovirus type 2 (PCV2)-specific genome was performed on tissue homogenates including lung, tonsils, and inguinal lymph nodes. Serum samples were tested for antibodies against PRRSV and PCV2 by enzyme-linked immunosorbent assay (ELISA). No PRRSV was detected in any of the 203 samples and one sample had detectable antibodies against PRRSV. We detected PCV2 in organ materials from 103 wild boars with a prevalence of 50.7%. The number of wild boars positive for PCV2 by PCR varied according to the population density of wild boars among woodlands. More positive samples were detected in woodlands with a high density of wild boars. We found no correlation between the number of PCV2-positive wild boars and the density of domestic pigs in the surrounding area. The number of wild boars positive for antibodies against PCV2 by the INGEZIM Circovirus IgG/IgM test kit was low (53 sera positive for IgG-and three sera positive for IgM-antibodies) in comparison to the higher positive results from the INGEZIM CIRCO IgG test kit (102 positive and 12 inconclusive results).
INTRODUCTION
Porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2) are two of the most economically important viruses in the swine industry worldwide (Segales et al., 2005a; Cho and Dee, 2006) . The PRRSV is an enveloped, single-stranded, positive-sense RNA virus of the family Arteriviridae (Benfield et al., 1992) . Infected pigs shed virus via all secretions, and excretions and are the greatest source of infection, but the virus can also be transmitted by vectors or aerosols (Cho and Dee, 2006) . The risk of PRRSV transmission increases in areas with high herd and population densities (Mortensen et al., 2002 ). An infection with PRRSV results in respiratory symptoms and increased mortality in suckling piglets. Infections in sows cause reproductive failure such as late-term abortions, increased rate of return to estrus, and increased number of stillborn or weak piglets (Zimmerman et al., 2006) . Although infections with PRRSV in wild boars have been reported, clinical symptoms are still unknown (Ruiz-Fons et al., 2008) .
Porcine circovirus type 2 (PCV2) is a small virus of the family Circoviridae with a single-stranded, circular DNA genome. Presently, PCV2 is considered as the etiologic agent of the postweaning multisystemic wasting syndrome (PMWS), a disease that mainly affects nursery or fattening pigs and is characterized by wasting, respiratory distress, pallor of the skin, and occasionally jaundice (Segales and Domingo, 2002) . In domestic pigs, PCV2 has also been linked to other diseases or conditions such as the dermatitis and nephropathy syndrome (Rosell et al., 2000; Wellenberg et al., 2004) , reproductive disorders (O'Connor et al., 2001) , and enteritis (Jensen et al., 2006) . These disease complexes are currently summarized under the term porcine circovirus diseases (PCVD).
Studies reporting detection of antibodies against PCV2 (Vicente et al., 2004; Ruiz-Fons et al., 2006; Sedlak et al., 2008) and detection of PCV2 DNA (Vicente et al., 2004; Csagola et al., 2006) have shown that wild boars are susceptible to PCV2 infection. Antibody prevalences in wild boars are variable. Up to 51.8% of sera from European wild boar populations were positive for antibodies against PCV2 . The direct detection of PCV2 DNA showed lower prevalences, with 13.5% to 25% of organ samples positive by polymerase chain reaction (PCR; Toplak et al., 2004; Cadar et al., 2010) . A recent study analyzing PCV2 prevalences in wild boars in Germany indicated a much higher detection rate of 63.1% in organ samples tested by nested PCR (nPCR; Reiner et al., 2010) . Cases of PMWS in wild boars have been reported (Ellis et al., 2003; Schulze et al., 2004; Vicente et al., 2004; Sofia et al., 2008) , but those reports apply to one animal or to small groups of boars. For domestic pigs, the PCV2 load in serum or tissues affects the clinical outcome of the infection (Segales et al., 2005b) . Initial reports about the quantitative loads of PCV2 in wild boars indicate that small amounts of virus can be detected in organ samples (Reiner et al., 2010) .
Our objectives were to investigate PRRSV and PCV2 prevalences in wild boars from the southwestern state of Baden-Wurtemburg, Germany by serologic analyses and quantitative PCR (qPCR) and to quantify the viral load in tissue samples from wild boars. We also compared serologic results from two commercially available enzyme-linked immunosorbent assay (ELISA) test kits to detect antibodies against PCV2.
MATERIALS AND METHODS

Wild boars
From November-January 2008 and 2009, we collected samples from 203 wild boars hunted in 20 hunting ranges in Baden-Wurtemburg. Between one and 54 boars were shot per hunting range and samples were collected from all wild boars shot. Most of the hunting ranges were in three large connected woodlands named Hartwald (49u119N, 8u349E; 2,630 ha, mean number of boars shot annually: 246), Rammert (48u269N, 8u599E; 2,135 ha, mean number of boars shot annually: 124), and Schoenbuch (48u359N, 9u029E 7,607 ha, mean number of boars shot annually: 342). Therefore, 92.1% of the samples (n5187) were from boars shot within one of these woodlands. Two of the woodlands (Rammert and Schoenbuch) were in the center of BadenWurtemburg. The number of domestic pigs in the Rammert and Schoenbuch area was 80-90 per 100 ha of agricultural area. The third woodland (Hartwald) was in northwestern Baden-Wurtemburg. The pig population in the surrounding area of this woodland was approximately 30 domestic pigs per 100 ha of agricultural area.
After hunting, wild boars were brought to a central area and blood samples from the heart and organ samples from the lung, tonsils, and inguinal lymph nodes were collected. Blood samples were centrifuged and the serum and organ samples were stored at 220 C until further processing. Following the removal of the thoracic and abdominal viscera, the weight of each boar was estimated and recorded together with the sex of each pig. Boars were classified according to weight classes of 10 kg, 20 kg, 30 kg, 40 kg, and $50 kg.
Isolation of RNA and DNA from tissue samples Organ material from lung, tonsil, and lymph node was pooled to a total volume of approximately 200 mg, added to a 2-ml tube containing 1.5 ml phosphate-buffered saline (PBS), and homogenized using a Retsch homogenizer (Retsch, Haan, North Rhine-Westphalia, Germany) for 6 min at 30 beats per sec. The homogenate was clarified by centrifugation at 6,080 3 G for 3 min and 200 ml of homogenate were used for DNA extraction with the QIAamp 96er DNA Blood Kit (Qiagen AG, Hilgen, Germany) according to the manufacture's recommendations. The DNA was eluted in 140 ml of the elution buffer that was provided with the kit.
Quantitative PCR for PRRSV and PCV2
A reverse transcription was carried out using the MultiscribeH RT Enzyme Kit (Applied Biosystems, Darmstadt, Germany) to detect PRRSV type 1 and type 2 viruses under the following conditions: 25 C for 10 min, 37 C for 120 min, and 85 C for 5 sec. The real-time PCR for PRRSV type 1 was performed using a modified version of the method of RevillaFernandez et al. (2005) . The modification applied refers to the optimization of the primers based on molecular epidemiologic sequence analyses. The primers were modified as follows: forward primer EU6-343f: 59-GTRGAAAGTGCTGCAGGYCTCCA-39 and reverse primer EU6-462r: 59-CACGAGGC-TCCGAAGYCCW-39. For PRRSV type 2, a real-time PCR was performed as previously described (Wagner et al., 2010) .
A slightly modified version of the real-time PCR method of Brunborg et al. (2004) was used for the detection of porcine circovirus type 2. All real-time PCRs ran on a 7900 HT cycler (Applied Biosystems) using the TaqMan Universal PCR Kit (Applied Biosystems). Plasmid DNAs for all three viral parameters were used for viral load quantification.
Serology
The IDEXX Porcine Reproductive and Respiratory Syndrome Virus Antibody Test Kit Herd Chek PRRS 2XR (IDEXX Laboratories, Woerrstadt, Germany), a noncompetitive enzyme immunoassay, was used according to the manufacturer's instructions to detect antibodies against PRRSV. The cut-off for this system was a p/pk value of 0.4. The optical density (OD) was measured by the ELISA reader 550H (Bio-Rad, Vienna, Austria) and evaluated using the Microplate Manager, Version 5.2 software (Bio-Rad, Corston Bath, UK).
Antibodies against PCV2 were detected by the INGEZIM Circovirus IgG/IgM test kit (Ingenasa, Madrid, Spain). The OD was measured by the ELISA reader 550H (BioRad, Vienna, Austria). The threshold for IgGantibodies was calculated after multiplying the OD of the IgG-positive control by 0.3. Similarly, the threshold for IgM antibodies was determined after multiplying the IgM positive control value by 0.4. Samples with an OD greater than the calculated threshold were evaluated as positive. Confirmation of the results from the INGEZIM Circovirus IgG/ IgM test kit was performed using the IN-GEZIM CIRCO IgG test kit (Ingenasa). The same ELISA reader (Bio-Rad, Vienna, Austria) was used to measure the OD. This test kit provides both qualitative and quantitative evaluation of test results. For qualitative analyses, a positive and a negative cut-off were calculated depending on the OD of the negative control. Samples with an OD between those two cut-off values were considered ''inconclusive.''
Statistical analysis
The statistical analysis was performed using PASW 17 (SPSS Inc., Chicago Illinois, USA) for Microsoft windows. The Spearman's coefficient of correlation was calculated for the detection of the pathogens in different hunting ranges, the weight class of positive pigs, and the amount of virus being detected by qPCR. The results from both PCV2 ELISAs were compared and the k-value was calculated as the degree of correlation.
RESULTS
Weight classes
Thirty-three animals were ranked in the 10 kg weight class. The remaining 67, 45, 27, and 29 pigs were assigned to the weight classes 20, 30, 40, and $50 kg, respectively. Two wild boars were not classified because their weights were not recorded. These two animals were excluded from all calculations pertaining to the weight classes.
PRRSV
No viral RNA was detected in any of the 203 tissue homogenate samples tested by qPCR. Serologically, 202 samples were negative according to the IDEXX ELISA. One sample was positive with a p/pk value of 0.418.
PCV2
Tissue homogenates from all 203 wild boars were analyzed by qPCR. Viral DNA was detected in 103 samples for a prevalence of 50.7%. We found PCV2-positive animals in 10 of 20 hunting grounds. Prevalences ranged from 17% to 98% among woodlands (Hartwald 53/54 [98%], Rammert 27/73 [37%], Schoenbuch 10/60 [17%]). The viral loads detected by qPCR correlated significantly (P,0.001) with the wild boar population density (mean number of wild boars shot annually per 100 ha over the previous 5 yr).
The highest amount of viral genome detected by qPCR was 9.98 log 10 genome equivalents (GE) per ml tissue homogenate. We found PCV2 viral genome loads of .6 log 10 GE per ml tissue homogenate in 48 wild boars. This corresponds to 47% of all PCV2-positive animals.
The highest percentage of PCV2-positive animals was found in the 10 kg weight class (64%). In the other weight classes, 52% (20 kg weight class), 49% (30 kg), 44% (40 kg), and 45% ($50 kg) of boars were positive by PCR. After comparing the amount of viral genome load within weight classes, a significant correlation (P50.028) was observed between the age of the animal and the viral genome load (i.e., heavier animals had lower viral genome loads).
Three animals were positive for IgM antibodies by the INGEZIM Circovirus IgG/IgM kit. Two of them were also positive for IgG antibodies and PCV2 was detected by qPCR in all three. These three boars were in the weight classes of 20, 40, and $50 kg. We detected IgG antibodies by the INGEZIM Circovirus IgG/IgM test kit in sera of 53 wild boars (26% prevalence). The IgG prevalences among the three woodlands determined by the results of this test kit were 61% (Hartwald), 18% (Rammert), and 7% (Schoenbuch). The highest antibody prevalence was detected in the 10 kg weight class (42%). The antibody prevalences from the other weight classes ranged from 22% (20 kg and 30 kg) to 26% (40 kg).
The qualitative evaluation of the IN-GEZIM CIRCO IgG test kit resulted in 102 positive and 12 inconclusive samples. All inconclusive results were allocated to the positive results for further analyses. According to the INGEZIM CIRCO IgG test kit, 56.4% of the samples were positive. The IgG prevalences for the three woodlands by this test kit were 72% (Hartwald), 60% (Rammert), and 41% (Schoenbuch). The results for the weight classes showed the highest antibody prevalence in the 10-kg class (64%) followed by the 20-kg and 30-kg classes (60%). The lowest antibody prevalence with this test kit was detected in the heaviest boars weighing $50 kg (41% 
DISCUSSION
The role of wild boars as a reservoir for certain pathogens is becoming more important because the abundance of wild boars is increasing worldwide Acevedo et al., 2007) . Data about the prevalence of PRRSV infections in wild boars are rare; therefore, the role of wild boars in the transmission of PRRSV is still questionable. In our study, no PRRSV was detected by qPCR in tissue samples from lung and tonsils. These results were confirmed by an alternatively performed RT-nPCR according to Pesch (2003; data not shown) . Although there is still no indication that the methods used do not detect all PRRSV type 1 isolates that might be present in the field, false negatives (as appeared in PRRSV RT-PCR; Truyen et al., 2006 ) cannot be ruled out, as no other methods such as in situ hybridization or immunohistochemistry were performed to verify negatives.
Negative PCR results were confirmed by serologic analysis of serum from the same wild boars. A slightly positive result was seen in only one serum (p/pk value 0.418); all other tested sera were negative. Because the p/pk value of this sample was close to the cut-off and no other positive serum samples or virus-positive tissue samples were found within the same hunting ground, a false-positive reaction in the IDEXX Elisa kit HerdChek PRRS 2XR is likely.
The negative PRRSV results observed in this study correlate with the findings of other studies (Vicente et al., 2002; RuizFons et al., 2006; Vengust et al., 2006) . However, a low number of antibodypositive wild boars were found in Oklahoma, USA and in France, where 1.7% and 1.3% of feral wild boars were positive for antibodies against PRRSV, respectively (Saliki et al., 1998; Albina et al., 2000) .
PRRSV genome-positive wild boars were detected in Germany, where 15.9% of tested samples were positive by nPCRamplifying ORF1 (Reiner et al., 2008) . Moreover, Reiner et al. (2008) showed that PRRSV prevalences varied significantly with season. The seasonal variation mentioned in this study was confirmed by the findings of Albina et al. (2000) . Therefore, it would be useful to test wild boars for the presence of PRRSV and PRRSV antibodies over several years to monitor PRRSV infections.
The low number of both PRRSVinfected and PRRSV antibody-positive wild boars is unusual because the prevalence of PRRSV in domestic pigs is quite high. Transmission of the virus from domestic pigs to the wild boar population can occur via different routes (e.g., via aerosol, slurry). Because cold weather favors viral survival, transmission might occur especially during the winter (Cho and Dee, 2006) . Because infection was detected only sporadically in areas with high-density pig populations and wild boar populations (Saliki et al., 1998; Albina et al., 2000) , wild boars might not play an important role as a virus reservoir for PRRSV or may even show some degree of natural resistance against the virus.
Wild boars were susceptible for infections with PCV2. Antibody prevalence in different European countries is reported to be approximately 30-50% (Vicente et al., 2004; Sedlak et al., 2008) . The prevalence of antibodies of the IgG class obtained by the INGEZIM Circovirus IgG/IgM test kit in our study was low (26.1). In contrast, a higher antibody prevalence of 56.4% was detected by the INGEZIM CIRCO IgG test kit. Because the ELISA tests work differently and, according to the manufacturer, the IN-GEZIM CIRCO IgG test kit is more sensitive, a higher number of positive results were expected by this test. Nevertheless, the high level of mismatches observed was surprising. It is unclear why so many sera were IgG negative in the INGEZIM Circovirus IgG/IgM test kit after testing positive by the INGEZIM CIRCO IgG test kit. The higher percentage of IgG-positive sera seems plausible when the percentage of virus-positive animals (50.7%) is included in the results. This percentage is higher compared to those mentioned in other studies, which identified 20.5% and 25% of organ samples as PCR-positive, respectively (Toplak et al., 2004; Csagola et al., 2006) . In a recent study, 63.1% of organ samples from wild boars from all over Germany were positive for PCV2 DNA by nPCR (Reiner et al., 2010) ; 45.4% of these samples were identified as positive after they were analyzed by qPCR. Factors such as sampling area, sampling time point, and the method used to analyze the samples could possibly influence the percentage of positive results (Reiner et al., 2010) . After qPCR testing, 38.2% of samples collected in the federal state of Baden-Wurtemburg (n542) were positive for PCV2 (Reiner et al., 2010) . In the present study, a higher prevalence was found within the same area. Possible effects of the different hunting ranges and the year on the results cannot be excluded, as the sample collection took place at least 2 yr later. It could also be that the PCV2 prevalence in wild boars is rising. Due to rising population densities of wild boars, the number of potential hosts for diseases, including the contact rate between potential hosts, is increasing Acevedo et al., 2007) .
When comparing qPCR results among areas, we found a significant correlation between the viral load and the number of wild boars that were shot per 100 ha. Higher viral loads were detected in population areas with a higher wild boar density. Interestingly, we found no correlation between the detection of PCV2 in wild boars and the number of domestic pigs living in the surrounding area. In contrast, Corn et al. (2009) found that 71.7% of sera from feral swine associated with high-density commercial swine production had antibodies against PCV2. In the same study, 59.2% of feral pigs from counties with transitional and less-dense swine production were PCV2-antibody positive. In the present study, the highest percentage of wild boars positive for PCV2 DNA and for PCV2 antibodies was found in the area with the least-dense commercial swine production. Current data on the PCV2 prevalence in domestic pigs in the surrounding area are unavailable. The wild boar density seemed to have a greater impact on the PCV2 prevalence in the wild boar population than did the density of commercial swine production in the present study. Vicente et al. (2004) demonstrated that management conditions clearly affect the PCV2 prevalence in wild boars. Intensively managed wild boar populations had significantly higher antibody titers against PCV2 than did open populations. Because wild boar populations are increasing and management conditions are intensifying across Europe, the risk of increasing PCV2 prevalences in wild boars is growing. The consequences for the wild boar population are unknown.
The first cases of PMWS in wild boars with gross and microscopic lesions resembling those of domestic pigs have been reported (Ellis et al., 2003; Schulze et al., 2004; Vicente et al., 2004; Sofia et al., 2008) . Although infection with PCV2 frequently occurs, clinical PMWS in wild boars is rare. In the present study, viral genome loads of .6 log GE/ml tissue homogenate were detected in almost half of the infected wild boars. The mean viral load of all positive boars was 8.4 log GE/ ml tissue homogenate, which translates to 6.9 log GE/mg extracted DNA. To compare the viral loads found in the present study with the results obtained by Reiner et al. (2010) , who expressed PCV2 concentrations as log 10 PCV2 genomes/mg of extracted DNA, results had to be corrected by factor 30. While Reiner et al. (2010) did not detect PCV2 loads above 5 3 10 6 PCV2 genomes/mg of sample DNA in wild boars, 19 wild boars had viral loads .6 log GE/mg DNA in our study. Neither clinical and pathologic examinations nor histopathologic examinations of lymphatic tissue were performed. Severe wasting was not noticed in any of the wild boars during the sampling procedure. Clinical signs and losses in younger individuals might remain unnoticed due to the free, nomadic lifestyle of these animals. Wild boars might also be less susceptible to the disease. Cofactors which normally support the development of PMWS by up-regulating PCV2 replication in domestic pigs (such as large populations, vaccinations, weaning, and mixing of young pigs as well as intensive confinement husbandry practices and concomitant infections with various pathogens) are absent in wild boar populations Krakowka et al., 2000) .
Because the infection prevalences in domestic pig herds are nearly 100%, it is likely that the origin of PCV2 infection in wild boars is due to direct or indirect contact with domestic pigs. Although wild boars are a recognized reservoir of viruses for the domestic pig (such as classical swine fever virus or Aujeszky disease virus [Albina et al., 2000; Laddomada, 2000] ), domestic pigs are more likely to be ''the reservoir'' for PCV2.
